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PACKAGED CHIP DEVICES WITH ATOMIC 
LAYER DEPOSITION PROTECTIVE FILMS 

CROSS-REFERENCE TO RELATED 

APPLICATION(S) 
[0001] This patent application claims priority from US. 
Provisional Patent Application No. 60/ 945,209 entitled 
APPLICATIONS FOR ATOMIC LAYER DEPOSITION 
FILMS, Which Was ?led on Jun. 20, 2007 in the name of John 
R. Martin and is hereby incorporated herein by reference in its 
entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to applica 
tions for Atomic Layer Deposition Films, particularly in 
MEMS and semiconductor products and processes. 

BACKGROUND 

[0003] Atomic Layer Deposition (ALD) is a relatively old 
process that deposits near-perfect layer-by-layer ?lms onto 
surfaces based on sequential self-limiting surface reactions. 
Early ALD processes Were demonstrated in the 1970s 
through 1990s (e.g., US. Pat. No. 4,058,430; US. Pat. No. 
4,389,973; Kumagai, H. et al., Comparative study of A1203 
optical crystalline thin ?lms groWn by vapor combinations of 
Al(CH3)3/N2O and Al(CH3)3/H2O2, Jpn. Appl. Phys., 32, 
6137 (1993); all of Which are hereby incorporated by refer 
ence in their entireties. 

[0004] The following is a general description of an ALD 
process: 

Step 1. Gas Molecule A + Reactant gas 

Surface A (Single Layer) + By-product gas 
Step 2. Purge 
Step 3. Gas Molecule B + Reactant gas 

Surface B (Single Layer on A) + By-product gas 
Step 4. Purge 

[0005] The deposition process is normally preceded by a 
light N2 plasma clean. Molecule A is typically a metallo 
organic species. Species A and B react With one another. Steps 
1-4 are typically repeated a number of times in order to 
produce an ALD ?lm With composition ABABAB . . . . It 

should be noted that the A-B sequence may terminate With 
eitherA or B as the top layer; additional layers may be formed 
on the ALD ?lm, some examples of Which are described 
beloW. Thickness is controlled by the number of AB 
sequences. Most ALD ?lms are dielectric, but conductive and 
bilayer ?lms can also be produced. 
[0006] In one speci?c example of an ALD process that 
produces an aluminum oxide (“alumina”) ?lm, Molecule A is 
Al(CH3)3 While Molecule B is H2O. The reactions are as 
folloWs: 
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Where the asterisk (*) indicates a surface species. In this 
example, each AB layer adds approximately 1.25 angstroms 
of thickness to the ?lm. 
[0007] Published data suggests that 25 angstroms of alu 
mina ALD on polymer ?lms (including polyimides) does not 
signi?cantly reduce gas and Water permeation, 50 angstroms 
provides approximately 10-times reduction in permeation 
rates, and 100 angstroms reduces moisture transmission by 
more than 100 times (see Groner, M. D. et al., Gas di usion 
barriers on polymers using Al2O3 atomic layer deposition, 
Appl. Phys. Letters, 88(5) 051907 (2006), Which is hereby 
incorporated herein by reference in its entirety). 
[0008] In another speci?c example, anALD ?lm is formed 
ofAl2O3iTiO2 bilayers (i.e., alternating layers of A1203 and 
TiOZ). Experimental data suggests that such alumina-titania 
bilayer ?lms are better barriers than ?lms formed With just 
one of these materials. Such ALD ?lms may be deposited at 
approximately 60° C., although higher temperature processes 
Would generally produce denser ?lms With better electrical 
properties. 
[0009] Traditionally, ALD processes Were run at high tem 
peratures (e.g., near or above 5000 C.). HoWever, there have 
been a number of papers published shoWing that ALD ?lms 
can be produced at loWer temperatures (e.g., <200° C.). A 
University of Colorado group has published extensively 
using a 177° C. process and have shoWn process capabilities 
as loW as 35° C. See, for example, Hoivik, Nils D. et al., 
Atomic layer deposited protective coatings for micro-electro 
mechanical systems, Sensors and Actuators A 103 (2003) 
100-108; Hermann, C. F. et al., Hydrophobic Coatings Using 
Atomic Layer Deposition and Non-Chlorinated Precursors; 
and Herman, Carl F. et al., Conformal hydrophobic coatings 
prepared using atomic layer deposition seed layers and non 
chlorinated hydrophobic precursors, J. Micromech. 
Microeng. 15 (2005) 984-992; all of Which are hereby incor 
porated herein by reference in their entireties. Generally 
speaking, ALD ?lms deposited at loW temperature are amor 
phous, tend to retain some carbon and hydrogen, and typi 
cally have loWer dielectric strength than high temperature 
ALD ?lms. 

SUMMARY OF THE INVENTION 

[0010] In accordance With one aspect of the invention there 
is provided apparatus including a packaged chip device 
including a chip device disposed in a package having at least 
one electrical contact alloWing for electrical connection to the 
chip device and a loW-temperature inorganic dielectric 
atomic layer deposition ?lm disposed on an outer surface of 
the packaged chip device and covering the at least one elec 
trical contact, the atomic layer deposition ?lm being of a 
thickness su?icient to alloW electrical connection to the at 
least one electrical contact through the atomic layer deposi 
tion ?lm Without having to expose the at least one electrical 
contact. 

[0011] In various alternative embodiments, the chip device 
may include an integrated circuit device and/or a MEMS 
device (e.g., a MEMS accelerometer or a MEMS gyroscope). 
The packaged chip device may be non-hermetic (e.g., plas 
tic), in Which case the atomic layer deposition ?lm may 
hermetically envelop the packaged chip device. The atomic 
layer deposition ?lm may passivate the at least one electrical 
contact. 

[0012] In other embodiments, a passivation material (e.g., a 
self assembling monolayer material such as, for example, 
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octyltrichlorosilane or per?uorodecyltrichlorosilane) may be 
disposed over the atomic layer deposition ?lm. 
[0013] In still other embodiments, the packaged chip 
device may include an opening, in Which case the atomic 
layer deposition ?lm may cover structure exposed through the 
opening so as to protect the structure from exposure to the 
external environment. The structure exposed through the 
opening may include such things as a Wire bond pad, an 
interconnect, a circuit, or a moving part. For example, the chip 
device may include a MEMS microphone device and the 
atomic layer deposition ?lm may cover an exposed dia 
phragm of the MEMS microphone device. The chip device 
may include other types of MEMS devices (e.g., MEMS 
pressure sensor, MEMS ?oW sensor, MEMS microsWitch) 
and the atomic layer deposition ?lm may cover an exposed 
structure of such devices. 

[0014] In yet other embodiments, the apparatus further 
includes a substrate such as a circuit board, Wherein the 
packaged chip device is soldered to the circuit board directly 
through the atomic layer deposition ?lm. 
[0015] In yet other embodiments, the apparatus further 
includes a substrate such as a circuit board, Wherein the chip 
device is a chip scale package that is soldered to the circuit 
board directly through the atomic layer deposition ?lm. 
[0016] In yet other embodiments, the apparatus further 
includes a substrate such as a circuit board, Wherein the at 
least one chip device, packaged or unpackaged, is mounted on 
the substrate before deposition of the atomic layer deposition 
?lm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The foregoing and advantages of the invention Will 
be appreciated more fully from the folloWing further descrip 
tion thereof With reference to the accompanying draWings 
Wherein: 
[0018] FIG. 1 shoWs a cross-sectional schematic vieW of an 
exemplary packaged chip device including a loW-temperature 
ALD ?lm, in accordance With an exemplary embodiment of 
the present invention; 
[0019] FIG. 2 shoWs a cross-sectional schematic vieW of 
the packaged chip device of FIG. 1 soldered to a circuit board 
directly through the ALD ?lm Without ?rst exposing the 
electrical contacts, in accordance With an exemplary embodi 
ment of the present invention; and 
[0020] FIG. 3 shoWs a cross-sectional schematic vieW of an 
exemplary open-packaged chip device including anALD ?lm 
covering exposed structures such as Wire bond pads, inter 
connect areas, circuit areas, and moving parts exposed to the 
environment (e.g., a MEMS microphone diaphragm), in 
accordance With an exemplary embodiment of the present 
invention. 
[0021] It should be noted that the foregoing ?gures and the 
elements depicted therein are not necessarily draWn to con 
sistent scale or to any scale. Unless the context otherWise 
suggests, like elements are indicated by like numerals. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

[0022] As used in this description and the accompanying 
claims, a loW-temperature atomic layer deposition (ALD) 
?lm is an ALD ?lm that is deposited at a temperature beloW 
around 2000 C. and typically beloW around 175° C. 
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[0023] Various embodiments in this invention cite chip 
packages as “plastic packages” for clarity because this is a 
common form. Plastics are polymeric materials. Polymeric 
materials may, or may not, incorporate ?llers, and can be 
manufactured in many forms including coatings, moldings 
parts, elastomers and gels. As used in this invention, the term 
“plastic” descriptions should be interpreted in this broad 
polymer context. 
[0024] Certain embodiments relate to chip devices such as, 
for example, electronic devices (e. g., integrated circuit 
devices), MEMS devices (e.g., inertial sensors such as accel 
erometers and gyroscopes, microphones, pressure sensors, 
?oW sensors, microsWitches, composition sensors that char 
acteriZe permittivity or other conditions, optical devices, 
etc .), and integrated MEMS devices including both electronic 
circuitry and moving structures, to name but a feW. Such chip 
devices may be capped (e.g., using a plastic/polymer cap, a 
metal cap, a ceramic cap, a glass cap, or a so-called “?lm cap” 
as described in the provisional patent application incorpo 
rated by reference above) or uncapped. Capped chip devices 
may or may not be hermetic. 

[0025] Such chip devices are often provided in a packaged 
form, for example, in a plastic/polymer package, in a metal 
package, in a ceramic package, in an epoxy package, or 
mounted to a substrate such as a circuit board. Such packaged 
chip devices typically include exposed electrical contacts 
(leads) alloWing for electrical connections to the chip device. 
Packaged chip devices may or may not be hermetic. Packaged 
chip devices can be exposed to a variety of environmental 
conditions (e.g., air, moisture, chemicals, particulate matter, 
temperature extremes, mechanical stresses, etc.). Different 
types of packaged chip devices can perform differently under 
different environmental conditions. 
[0026] For example, plastic packaged chip devices gener 
ally are susceptible to moisture absorption and can exhibit 
package failures or unacceptable performance shifts When 
moisture absorption is excessive. For example, absorbed 
moisture can cause delamination (separation of the plastic or 
the die-attach from the die or the die paddle) When plastic 
packaged parts are soldered onto a substrate such as a circuit 
board. Therefore, plastic packaged chip devices are often 
“dry packed,” Which typically involves drying the devices in 
an oven, putting the devices onto a tape/reel, and sealing the 
tape/ reel in an evacuated package. Dry packing adds cost both 
for the device supplier and for the customer; once the dry pack 
is opened, the devices generally must be assembled Within a 
speci?ed time or re-dried (see, for example, IPC/JEDED 
J-STD-020, Which is a standard for determining Moisture 
Sensitivity Level of a product; and IPC/JEDED J-STD-033B, 
Which speci?es re-bake requirements; both of Which are 
hereby incorporated herein by reference in their entireties. 
For example, products rated MSL-3 must be re-baked unless 
assembled Within a Week after the package is opened). Coat 
ings of organic materials such as parylene, board coating, or 
potting material are intrinsically permeable to moisture and 
do not signi?cantly retard the moisture absorption rate of the 
package. Furthermore, any such organic coating Would have 
to be selectively removed from the metal contacts in order to 
alloW the device to be soldered or otherWise electrically con 
nected to the system. 
[0027] Other types of packaged chip devices may have 
similar and/ or other environmental issues. 

[0028] In exemplary embodiments of the present invention, 
a loW-temperature inorganic dielectric ALD ?lm (e. g., Al2O3 



US 2008/0315334 A1 

and TiO2) is deposited on a packaged chip device so as to coat 
the packaged chip device including any exposed electrical 
contacts. Such a loW-temperature ALD ?lm generally can be 
deposited Without damaging the packaged chip device. The 
ALD ?lm is typically deposited at a suf?cient thickness to 
provide desired qualities (e.g., hermeticity for the entire pack 
aged chip device, passivation for the electrical contacts, ther 
mal conductivity/dispersion, etc.) but still alloW for electrical 
connections to be made to the electrical contacts (e.g., by 
soldering or otherWise) directly through the ALD ?lm With 
out having to expose the electrical contacts. 

[0029] FIG. 1 shoWs a cross-sectional schematic vieW of an 
exemplary packaged chip device 100 including a loW-tem 
perature ALD ?lm, in accordance With an exemplary embodi 
ment of the present invention. Among other things, the pack 
aged chip device 100 includes a chip device 102 encased in a 
package 104 having electrical contacts 106 alloWing for elec 
trical connections to the chip device 102.An inorganic dielec 
tric ALD ?lm 108 is deposited so as to cover the package 104 
including the electrical contacts 106, for example, after prod 
uct branding. The ALD coating is typically deposited at a 
suf?ciently loW temperature so as to not damage the package 
104, the contacts 106, or the chip device 102 (e.g., <200o C. 
and typically <175o C.). The ALD coating can be deposited to 
any desired thickness, although in speci?c embodiments, the 
ALD coating is deposited to a thickness that still alloWs 
electrical connections to be made to the electrical contacts 
106 directly through the ALD ?lm 108 (e.g., by soldering) 
Without having to expose the electrical contacts 106 (e.g., 
approximately 100-200 angstroms thick, although the ?lm 
may be thinner or thicker as appropriate for various applica 
tions). FIG. 2 shoWs a cross-sectional schematic vieW of the 
packaged chip device 100 soldered to a circuit board 204 via 
solder 202 through the ALD ?lm 108 Without ?rst exposing 
the electrical contacts 106, in accordance With an exemplary 
embodiment of the present invention. 

[0030] Because vapor-deposited ALD ?lms are conformal 
on an atomic scale, crevices at the interface betWeen the 
electrical contacts 106 and the package 104 should be fully 
coated and sealed. Furthermore, such ALD ?lms Will gener 
ally passivate the contact leads (e.g., tin plating on the contact 
leads), so corrosion during storage should be reduced or 
eliminated. An appropriate ALD ?lm of su?icient thickness 
could be used to make the packaged device hermetic (or near 
hermetic), and, since moisture absorption generally is a func 
tion of exposure area and permeation rate, even a scratch on 
the ALD ?lm should not destroy its effectiveness in typical 
applications. An ALD ?lm of approximately 100-200 ang 
stroms thickness deposited at a loW temperature (e.g., <200o 
C. and typically <175o C.) should be su?icient to achieve 
desired barrier qualities. The loW temperature makes deposi 
tion of ALD ?lms in the presence of organics practicable, in 
particular, to plastic-packaged products. It is envisioned that 
plastic packaged chip devices coated With such ALD ?lms 
could be rated as MSL-l (i.e., no dry pack and unlimited ?oor 
life), Which Would be advantageous from both a cost perspec 
tive and a competitive perspective. At the described thickness 
ranges, the ALD ?lm covering the electrical contacts should 
break up and disperse in solder as a nano-level trace impurity 
during assembly, thus alloWing the device to be electrically 
connected to the system Without having to expose the electri 
cal contacts prior to soldering. 
[0031] Some chip devices, such as MEMS microphones, 
pressure sensors, valves, and How sensors, must physically 
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communicate With the environment outside of the device 
package. Such chip devices typically are mounted in pack 
ages that have an opening to the environment. Such exposure 
to the environment makes the chip devices susceptible to 
reliability problems arising from such things as moisture, 
corrosion, surface leakage, and other forms of chemical 
attack. 
[0032] With regard speci?cally to pressure sensors, in order 
to help reduce some of the above-mentioned effects, pressure 
sensors are sometimes covered With a layer of gel or parylene. 
Such protective layers are typically useful but have limita 
tions (see, for example, S. Petrovic, A. Ramirez, T. Maudie, 
D. Stanerson, J. WertZ, G. Bitco, J. Matkin, D. J. Monk, 
“Reliability test methods for media-compatible pressure sen 
sors”, IEEE Trans. Industrial Electron., 45(6), 877-885 
(1998) and S. Petrovic, “Progress in media compatible pres 
sure sensors”, Proc. of InterPACK’Ol, the Paci?c Rim/Inter 
national Intersociety Electronic Packaging Technical/Busi 
ness Conf. & Exhibition (ASME, NeW York 2001) 
IPACK2001-15517, both of Which are hereby incorporated 
herein by reference in their entireties). 
[0033] Similar treatments can be selectively applied to 
interconnect and circuit areas of a MEMS microphone, but, 
from a practical standpoint, gels and parylene generally can 
not be applied over microphone sensing diaphragms because 
the added mass Would negatively impact its function. Also, 
Wire bond pads are generally dif?cult to coat With gel if the 
adjacent diaphragm must be kept free of gel. 
[0034] Therefore, in exemplary embodiments, a protective 
ALD ?lm is deposited on the exposed structures, including 
Wire bond pads, interconnect areas, circuit areas, and even 
any moving parts exposed to the environment (e.g., the 
MEMS microphone diaphragm). An ALD ?lm of approxi 
mately 100 angstroms thickness should be insigni?cant in 
terms of the diaphragm mass and its dynamic response While 
protecting those structures. Even in this thickness regime, 
ALD ?lms typically have barrier and dielectric characteristics 
that make them effective as passivation ?lms to protect 
devices from environmental effects. Deposition of an ALD 
?lm onto packaged parts like microphones and pressure sen 
sors after they are assembled also Would protect bond pad 
regions, the Wire itself, and other susceptible structures/ma 
terials and therefore Would tend to provide enhanced reliabil 
ity. 
[0035] FIG. 3 shoWs a cross-sectional schematic vieW of an 
exemplary open-packaged chip device 100 including anALD 
?lm 108 covering exposed structures such as Wire bond pads, 
interconnect areas, circuit areas, and moving parts exposed to 
the environment (e.g., a MEMS microphone diaphragm), in 
accordance With an exemplary embodiment of the present 
invention. The chip device 102 may be a MEMS microphone, 
pressure sensor, ?oW sensor, microsWitch, or other type of 
chip device. 
[0036] In both open and closed packaged chip devices 
coated With anALD ?lm, the top surface of the ALD ?lm may 
be passivated (e.g., using an organic substance such as per 
?uorodecyltrichlorosilane (FDTS)) in order to make the ?lm 
hydrophobic. A hydrophobic ?lm might be particularly use 
ful for an open-packaged MEMS microphone, particularly 
those used in cell phones and other applications Where expo 
sure to moisture is expected. 

[0037] In certain alternative embodiments, a chip device 
may be coated Within an ALD ?lm that covers one or more 

electrical contacts, and the coated chip device may be elec 
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trically connected (e.g., soldered) to a substrate such as a 
circuit board directly through the ALD ?lm. 
[0038] In yet other alternative embodiments, a packaged or 
unpackaged chip device may be electrically connected (e.g., 
soldered) to a substrate such as a circuit board, and an ALD 
?lm may be disposed over some or all of the exposed surfaces 
of the chip device and substrate. 
[0039] The exemplary embodiments described above are 
typically described With reference to the use of loW-tempera 
ture ALD ?lms as environmental barriers that protect the chip 
device or the plurality of chip devices. HoWever, in some 
embodiments, the environment must be protected from the 
chip. For example, a How sensor or the How channel in a How 
meter or a composition sensor may need to be biocompatible. 
Biocompatibility is not normally a characteristic that is con 
sidered in selecting the materials used to manufacture chips 
and chip packaging. In these devices, a biocompatible loW 
temperature ALD ?lm material Would be deposited to shield 
the sensitive medium from the device. The top surface of this 
ALD ?lm may optionally be passivated With a suitably cho 
sen substance to make the surface hydrophilic, hydrophobic, 
biologically inactive or biologically active, as required by the 
application. 
[0040] As discussed in the provisional patent application 
incorporated by reference above, ALD ?lms may also be used 
at the Wafer and chip levels. 
[0041] For example, an ALD ?lm may be deposited to seal 
a passivation layer after removal of a sacri?cial layer in order 
to protect the passivation layer from further damage. Such an 
ALD ?lm Would typically coat not only the passivation layer 
but also other exposed components including such things as 
micromachined moving parts and electrical contacts, and 
therefore the ALD ?lm should be very thin so as to provide a 
negligible impact on performance of the moving parts and 
also to alloW for electrical connections to be made directly 
through the ALD ?lm Without having to ?rst expose the 
electrical contacts. Also, because the ALD ?lm is deposited 
after release of the moving parts, the ALD ?lm Would pref 
erably be deposited using a technique other than plasma 
deposition (e.g., vapor deposition), since plasma deposition 
generates electrical charges that could damage the sensitive 
moving parts or lead to stiction. In this regard, the ALD layer 
should be suf?ciently thin to avoid excessive build-up of 
electrical charge that could also lead to stiction. 
[0042] Also, a device Wafer may be coated With an ALD 
?lm in order to electrically insulate microstructures, for 
example, When they are immersed in liquid baths or otherWise 
exposed to a medium that has signi?cant electrical conduc 
tivity, Whether during Wafer fabrication or in a ?nished 
device. Among other things, an ALD ?lm could be used to 
electrically isolate sensitive MEMS resonators and other 
components. The ALD ?lm may be a dielectric ?lm so as to 
provide electrical insulation for the devices. The Wafer 
devices may be MEMS sensors such as accelerometers or 
gyroscopes or composition sensors that characterize permit 
tivity among other things. 
[0043] Also, an ALD ?lm may be formed as a passivation 
barrier on the Wafer so as to eliminate the need for masking to 
open areas such as probe and bond pads and metal intercon 
nects. Speci?cally, the ALD layer Would be formed to an 
appropriate thickness (e.g., approximately 100 angstroms) 
that alloWs for Wafer probing and Wire bonding directly 
through the ALD ?lm. Such ALD passivation layers may be 
particularly useful for microsWitch product Wafers, or any 
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product Wafer that is dif?cult to passivate using standard 
processes, or, Which Would be produced at a loWer cost if 
standard passivation layers Were eliminated. Speci?cally, one 
or more ALD passivation layers Would be deposited on a 
capped MEMS Wafer such as a capped microsWitch Wafer 
after capping in order to seal the surface, including the inter 
connect traces, thus suppressing undesirable effects such as 
electrical leakage and corrosion. 
[0044] Also, an ALD ?lm may be formed as a protective 
layer over exposed materials (e.g., aluminum or aluminum 
alloys) during etch processes, speci?cally HF etch processes. 
This ALD ?lm might be approximately 200 angstroms thick, 
Which should be thin enough to not require removal after the 
etch process is completed. 
[0045] Also, ALD ?lms could be used for hard masks, for 
example, to enhance marginal masking or passivation, thus 
reducing or eliminating the incidence of pitting or excessive 
attack on these nearby materials. Here, an ALD ?lm is depos 
ited, e.g., on the passivation or before the photoresist, to 
enable reliable production and/or reliable performance. In 
such embodiments, the ALD ?lm may have a thickness of 
around 50 angstroms. 
[0046] Also, ALD ?lms could be used to provide electrical 
interconnections and insulators at the Wafer, chip, and/or 
package layer. For example, a conductive ALD ?lm may be 
deposited in order to form an electrical connection during 
Wafer level fabrication With no signi?cant effect on planarity. 
Similarly, a dielectric ALD ?lm may be deposited in order to 
provide an insulating layer. Masking may be used to control 
ALD deposition. 
[0047] Also, an ALD ?lm may be deposited over a ?lm cap 
in order to provide hermeticity or other property. The ALD 
?lm Would typically be deposited prior to singulation, 
although it could be deposited after singulation in some 
instances. An ALD ?lm of approximately 100 angstroms 
thickness may be used, Which should be thin enough to alloW 
for probe and Wire bonding directly through the ALD ?lm. In 
such an embodiment in Which the ALD coating makes such a 
polymer ?lm cap hermetic, the device may be packaged at 
loW temperature, so a mechanically compliant die attach 
could be used (e.g., gyros are extremely stress-sensitive). 
This polymer ?lm cap also imposes loW mechanical stress on 
the die, thus alloWing the production of stress-sensitive 
devices at higher yield or higher performance than alternative 
technologies Which utiliZe silicon caps. 
[0048] Also, an ALD ?lm may be deposited using a high 
rate deposition process that produces a nano-rough surface. 
The nano-rough surface could be used, for example, to sup 
press stiction in products such as microphones and loW-g 
accelerometers or to increase the magnitude of interaction 
With the surrounding media (e.g., in a composition sensor). 
[0049] In the above-described embodiments, the ALD ?lm 
may be coated With a passivation layer. Among other things, 
such a passivation layer may be used to provide hydrophobic 
properties, hydrophilic properties, biocompatibility, heat dis 
sipation or insulation, or other properties. The passivation 
layer may include, for example, a self-assembled monolayer 
(SAM) coating such as octyltrichlorosilane (OTCS) or per 
?uorodecyltrichlorosilane (FDTS). FDTS has non-stick 
properties that may be undesirable in certain situations, such 
as, for example, situations in Which the FDTS coating could 
prevent or reduce adhesion of plastic or solder. OTCS might 
be a better choice for use in such situations. Other types of 
passivation layers may be used, for example, epoxy-based 
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coatings. As mentioned above, a hydrophobic ?lm might be 
particularly useful for coating MEMS microphone structures 
that otherWise Would be exposed to the environment, particu 
larly those used in cell phones and other applications Where 
exposure to moisture is expected. 
[0050] It should be noted that some exemplary embodi 
ments are described above With reference to ALD ?lms of 
various thicknesses that are deposited at various tempera 
tures. Embodiments of the present invention are not neces 
sarily limited to the thicknesses and temperatures set forth 
above. Based on the teachings of this disclosure, a person of 
ordinary skill in the art Would be able to determine appropri 
ate ?lm thickness, deposition temperature, ?lm material and 
other parameters for speci?c applications Without undue 
experimentation. For example, in order to produce a pack 
aged chip device having anALD ?lm that provides a speci?ed 
level of hermeticity, one could run tests With ALD ?lms of 
different thicknesses until the speci?ed level of hermeticity is 
reached. Similarly, in order to produce a packaged chip 
device having an ALD ?lm that provides a speci?ed level of 
passivation for electrical contacts but still alloWs soldering 
directly through the ALD ?lm Without having to expose the 
electrical contacts, one could run tests With ALD ?lms of 
different thicknesses to determine an appropriate ALD ?lm 
thickness. It is recogniZed that, in some cases, it may not be 
possible for an ALD ?lm to meet every conceivable combi 
nation of performance goals for a desired application, but this 
fact does not in any Way compromise the invention. Again, it 
Would not take undue experimentation to perform tests With 
different ALD ?lm thicknesses and/or different ALD deposi 
tion temperatures in order to determine Whether desired per 
formance goals can be met. 
[0051] The present invention may be embodied in other 
speci?c forms Without departing from the true scope of the 
invention. The described embodiments are to be considered in 
all respects only as illustrative and not restrictive. 

What is claimed is: 
1. Apparatus comprising: 
a packaged chip device including a chip device packaged in 

a package having at least one electrical contact alloWing 
for electrical connection to the chip device; and 

a loW-temperature inorganic dielectric atomic layer depo 
sition ?lm disposed on an outer surface of the packaged 
chip device and covering the at least one electrical con 
tact, the atomic layer deposition ?lm being of a thickness 
alloWing electrical connection to the at least one electri 
cal contact through the atomic layer deposition ?lm 
Without having to expose the at least one electrical con 
tact. 

2. Apparatus according to claim 1, Wherein the chip device 
includes an integrated circuit device. 

3. Apparatus according to claim 1, Wherein the chip device 
includes a MEMS device. 

4. Apparatus according to claim 3, Wherein the MEMS 
device includes at least one of: 

a MEMS accelerometer; and 
a MEMS gyroscope. 

5. Apparatus according to claim 1, Wherein the packaged 
chip device is non-hermetic, and Wherein the atomic layer 
deposition ?lm hermetically envelops the packaged chip 
device. 
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6. Apparatus according to claim 5, Wherein the package is 
plastic. 

7. Apparatus according to claim 1, Wherein the atomic 
layer deposition ?lm passivates the at least one electrical 
contact. 

8. Apparatus according to claim 1, further comprising: 
a passivation material disposed over the atomic layer depo 

sition ?lm. 
9. Apparatus according to claim 8, Wherein the passivation 

material is a self assembling monolayer material. 
10. A device or method according to claim 9, Wherein the 

self assembling monolayer material includes at least one of: 
octyltrichlorosilane (OTCS); and 
per?uorodecyltrichlorosilane (FDTS). 
11. Apparatus according to claim 1, Wherein the packaged 

chip device includes an opening, and Wherein the atomic 
layer deposition ?lm covers structure exposed through the 
opening so as to protect the structure from exposure to the 
external environment. 

12. Apparatus according to claim 11, Wherein the structure 
exposed through the opening include at least one of: 

a Wire bond pad; 
an interconnect; 
a circuit; and 
a moving part. 
13. Apparatus according to claim 11, Wherein the chip 

device includes a MEMS microphone device, and Wherein the 
atomic layer deposition ?lm covers an exposed diaphragm of 
the MEMS microphone device. 

14. Apparatus according to claim 11, Wherein the chip 
device includes a MEMS pressure sensor, and Wherein the 
atomic layer deposition ?lm covers an exposed structure of 
the MEMS pressure sensor. 

15. Apparatus according to claim 11, Wherein the chip 
device includes a MEMS ?oW sensor, and Wherein the atomic 
layer deposition ?lm covers an exposed structure of the 
MEMS ?oW sensor. 

16. Apparatus according to claim 11, Wherein the chip 
device includes a MEMS microsWitch, and Wherein the 
atomic layer deposition ?lm covers an exposed structure of 
the MEMS microsWitch. 

17. Apparatus according to claim 1, further comprising a 
substrate, Wherein the packaged chip device is electrically 
connected to the substrate directly through the atomic layer 
deposition ?lm. 

18. Apparatus according to claim 1, Wherein the atomic 
layer deposition ?lm comprises alternating layers of A1203 
and TiO2. 

19. Apparatus comprising: 
a packaged or unpackaged chip device electrically con 

nected to a substrate; and 
a loW-temperature inorganic dielectric atomic layer depo 

sition ?lm disposed on exposed surfaces of the chip 
device and substrate. 

20. Apparatus comprising: 
an unpackaged chip device including a loW-temperature 

inorganic dielectric atomic layer deposition ?lm dis 
posed on an outer surface and covering at least one 
electrical contact; and 

a substrate electrically connected to the unpackaged chip 
device directly through the atomic layer deposition ?lm. 

* * * * * 


